Villin was built in an extended conformation and solvated in 40 mM NaCl in a cubic box of ~54 Å side length containing ~4400 water molecules. The ff99SB*-ILDN force field results from the combination of recently described side chain (1) and backbone (2) modifications to the ff99SB (3) force field. For ff99SB*-ILDN and ff03 we used the TIP3P water model (4) and for CHARMM22* and CHARMM27 we used the CHARMM-modified variant of TIP3P (5). For each of the four different force fields we equilibrated the system in the NPT ensemble for 1 ns using Desmond (6) and used the frame with the volume closest to the average value as starting structure for long equilibrium simulations in the NVT ensemble. These simulations were performed using a specialized machine for molecular dynamics simulations called Anton (7, 8 ) .
Calculation of folding rates with a dual-cutoff approach
Folding rates were computed using the stable-states picture (9 We tested the extent to which the calculated folding time depends on the cutoff used above to define the (subset of) the folded state (Supporting Fig. 2 ). The results show that-when a running average is applied to the RMSD value-the value obtained is relatively robust with respect to the choice of the cutoff in the range between 1.2 Å and 2.2 Å. The folding time depends more strongly upon the cutoff if no smoothing is performed, in particular if a cutoff larger than 1.5 Å is used to define the folded state. Folding times calculated without smoothing are generally shorter that folding times calculated with smoothing. This is expected as smoothing removes spurious transitions (but could also result in a few fast events being missed).
The average lifetime calculated without smoothing is thus about 50% smaller than the value calculated with smoothing. This difference does not influence the conclusions presented here.
) with a dual-cutoff approach.
Briefly, we defined a subset of the folded state to be those structures that had a Cα-RMSD (of residues 4 to 32 and averaged over 20 ns of simulation) to the crystal structure less than 1.3 Å, and a subset of the unfolded state to be those structures that had the same RMSD exceeding 6.0 Å. Folding and unfolding transitions were only recorded when the system transitioned fully between these two substates, thereby removing a number of spurious transitions that would otherwise have been observed using only a single RMSD cutoff. The folding time was calculated as the average lifetime in the unfolded state.
Supporting Fig. 2 . Average lifetime in the unfolded state plotted as a function of Cα-RMSD cutoff used to define the native state. In all cases we used a 6 Å cutoff to define the unfolded state. Data from the ff99SB*-ILDN simulation was used to generate this plot.
As an independent and alternative method to estimate the folding time we also used a procedure that closely mimics that used to obtain folding rates from experiments. In particular, we calculated relaxation rates directly from autocorrelation functions of suitably chosen reaction coordinates, and used a two-state assumption to estimate the folding rate from the relaxation rate and the equilibrium constant. Two of the three reaction coordinates (RMSD and number of native sidechain-sidechain contacts) were chosen because we expected them to track well the transitions between the folded and unfolded states. The third reaction coordinate-the solvent accessible surface area (SASA) of the sole tryptophan residue in villin-was chosen because it acts as a mimic of the fluorescence signal used experimentally. All three autocorrelation functions display a decay on the microsecond time scale, showing that all three quantities can act as probes of the folding and unfolding reaction of villin (Supporting Fig. 3 ). Relaxation times obtained from double-exponential fits to the autocorrelation functions were converted into folding rates using the free energy of folding and a two-state assumption. The resulting folding times were 2.7 µs, 2.8 µs, and 3.3 µs using the relaxation times for RMSD, contacts and SASA, respectively. These values are in close agreement with the folding time estimated using the dualcutoff approach and smoothing of the RMSD traces (Supporting Fig. 2 ). Incidentally, we note that the results also support the notion that tryptophan fluorescence can be used to measure folding and unfolding rates of villin.
Supporting Fig. 3 . Autocorrelation functions of three reaction coordinates. We calculated autocorrelation functions from the time series of the three different reaction coordinates: Cα-RMSD (residues 4 to 32), the number of native sidechain-sidechain atomic contacts and the solvent accessible surface area (SASA) of the sidechain of Trp23. The plot also shows (in grey) double exponential fits to each of the three autocorrelation functions, as well as the time constants for the long-time scale decay of these fits. We used data from the ff99SB*-ILDN simulation to generate this plot so that the results can be compared directly to those in Supporting Fig. 2 .
Determining the order of helix formation
The data presented in Fig. 2 in the main paper was obtained by quantifying the formation of the three native-state helices during the observed folding and unfolding events. Unfolding events were analyzed in reverse so that all events could be treated as going from the unfolded to folded state. For the residues in each of the three native state helices we calculated-using STRIDE (10 Parameterization of a new "helix-coil balanced" CHARMM force field )-the fraction of these residues that were in a helix conformation. These values were then used to quantify the fraction of residues that were in a helix conformation at each time point during a transition-with the three native-state helices analyzed separately. For each transition, we integrated this helix-fraction over time to provide a number that quantified the fraction of the transition path time a given helix was (partially) formed. The order of helix formation is given by the rank-order of this quantity. This analysis was repeated for all folding and unfolding transitions and the results were histogrammed to give the data presented in Fig. 2 .
Recent studies have demonstrated that the CHARMM22 force field (5) with the CMAP correction (11) (herein also termed the CHARMM27 force field) over-stabilizes helical structures (12, 13) . We therefore reparameterized parts of CHARMM22 to obtain a force field with an improved helix-coil balance by replacing the CMAP correction for all residues (apart from Gly and Pro) with new backbone torsion terms. To this aim we followed a procedure that was recently employed to achieve the same goal for the Amber ff99SB and ff03 force-fields (14 1 ). We also modified the partial charges for Asp, Glu and Arg side chains to provide a more accurate description of salt-bridge interactions, as well as the χ 1 and χ 2 torsion terms for Asp side chains using an approach that we recently employed for ff99SB ( ). As the newly developed backbone potential for CHARMM22 was inspired by the development of ff99SB* and ff03* (14), we named the resulting force field CHARMM22*.
Backbone torsion parameters for non-Pro and non-Gly amino acids were optimized to match simultaneously the φ-ψ energy map of di-alanine calculated at the LMP2 level with 15 degrees increments and NMR data on polyalanine peptides in water (14) . For Pro and Gly residues the CHARMM27 CMAP correction (11) was adopted. The procedure that we utilized closely mirrors those introduced in ref. 14; briefly, scalar couplings for Ala [3] [4] [5] [6] [7] and Val 3 peptides were calculated from 1 µs simulations in water and compared to the experimental NMR data (15
10
). The average fraction helix for the (AAQAA) 3 peptide was also calculated ( ) from 100-500 ns long replica exchange simulations (16) in the NPT ensemble (17) with 16 replicas spanning a 278-390 K temperature interval. We compared the calculated helicity with the values estimated from NMR measurements (18; see Supporting Fig. 4) . A reweighting approach was used to optimize the φ and ψ backbone torsion parameters to reproduce the scalar couplings, di-alanine QM-map and the temperature-dependent helicity of the (AAQAA) 3 peptide. We then resampled the conformational space of the various peptides using the parameters obtained from this reweighting, and the procedure was iterated until self-consistency was achieved (19 12 ). The resulting torsion parameters are reported in the Supporting Table 1 A pair was assumed to be formed when the distance between the centre of mass of the guanidinum and acetate molecules was less than 4.5 Å. The association constant of guanidinum acetate using this set of charges is 1.1 M -1 , significantly closer to the experimental value than the association constant obtained with the original CHARMM22 force field (4.6 M -1 ). The strength of salt bridges in the new force field was also tested by calculating the fraction of helix present in a Ace-W(EAAAR) 3 -A-amide peptide at 300K. The calculated helix ( ) fraction is 38%, a value that can be compared to the 57% value estimated from NMR and CD experiments (22) . Thus, the W(EAAAR) 3 -A peptide is a factor of two more helical than the (AAQAA) 3 Only the charges that differ with respect to the original CHARMM22 charges are reported.
Finally, we obtained a new set of parameters to describe the χ 1 and χ 2 torsions of aspartate side chains by fitting to the LMP2 energies calculated from a two-dimensional scan of the χ 1 and χ 2 torsions (1). The resulting torsion parameters are reported in the Supporting Table 3 . Table 3 . Optimized χ 1 and χ 2 torsion parameters for the Aspartic acid side-chain.
Angle
Force constants are reported in kcal mol -1 , phase angles are in degrees. These torsion terms should replace the existing torsions for the same dihedral angles in CHARMM22. Note that the χ 2 correction should be applied to both oxygen atoms in the Asp side chains.
